The haemodynamic effects of a continuous intravenous infusion of salbutamol (15 to 30 'g/min) and nitroprusside (50 to 100 tug/min) were compared in 9 patients after cardiac surgical operations. The mean falls in left atrial pressure and systemic vascular resistance were similar with the two drugs but salbutamol caused a greater increase in heart rate, maximum acceleration of aortic bloodflow, and maximum rate of change of left ventricular power. Because these differences would cause greater myocardial oxygen consumption with salbutamol and because the infusion of salbutamol is less easily controlled, nitroprusside is the preferred drug after cardiac operations.
Drugs that cause vasodilatation and consequently a reduction in systemic vascular impedance (left ventricular afterload) have recently been advocated in a variety of circumstances in which cardiac function is abnormal. Advantageous effects have been reported in patients with acute myocardial infarction (Chatterjee et al., 1973) , chronic ischaemic heart disease (Miller et al., 1975) , refractory heart failure (Guiha et al., 1974) , mitral regurgitation and stenosis (Goodman et al., 1974; Bolen et al., 1975) , and cardiomyopathy (Rossen et al., 1976) . Benefit from impedance reduction has also been claimed in patients who have undergone cardiac surgical operations, particularly in those with high systemic vascular impedance, raised left atrial pressure, or suspected subendocardial ischaemia. In such circumstances, Stinson et al. (1975) compared several vasodilators: intravenous nitroprusside produced a more favourable haemodynamic response than chlorpromazine, nitroglycerin, or trimetaphan.
Salbutamol is a relatively specific 32-adrenergic receptor agonist and causes peripheral vasodilatation. The haemodynamic effects of a single intravenous dose have been reported in normal persons (Warrell et al., 1970; Leitch et al., 1976) and in patients with respiratory disease (Warrell et al., 1970; Leitch et al., 1976) , myocardial infarction (Lal et al., 1972) , or mitral regurgitation (Gibson and Coltart, 1970) . Salbutamol has also been ad-'Present address: Cardiothoracic Institute, 2 Beaumont Street, London WIN 2DX. Received for publication 24 January 1977 vocated for use after cardiac operations. Yacoub and Boyland (1973) reported the effects of a single intravenous dose and Wyse et al. (1974) compared the effects of continuous intravenous infusions of salbutamol and isoprenaline but gave no details of the basal haemodynamic state of their patients before administration of the drug.
The present study was undertaken to measure the haemodynamic changes during a continuous intravenous infusion of salbutamol in patients soon after cardiac operations. A comparison was made with the effects of an infusion of nitroprusside because this drug has previously been recommended in similar circumstances (Stinson et al., 1975) .
Methods
Nine patients (7 male, 2 female; age range 36 to 64 years, mean 51 years) were studied. Five had aortocoronary bypass grafts inserted and 2 had had aortic and 2 mitral valve replacement. The patients were unselected consecutive surgical candidates in whom preoperative catheterisation had excluded left ventricular dyskinesia or valve disease other than that for which the operation was being performed. The exact nature of the investigation was explained to the patients in order to obtain informed consent.
The study began 24 to 36 hours after operation, at a time when the patients could be maintained for several hours in quiet undisturbed circumstances. During this period no additional drugs were given.
One patient was receiving an inotropic agent (iso. When the patient had again remained haemodynamically stable for 20 minutes, salbutamol was infused in a dose of 15 ,ug/min (8 patients) or 30 ,ug/min (1 patient) and continued for 45 minutes. Measurements at the end of this period were compared with those in the control period. Nitroprusside was always administered before salbutamol because it has a short clinical half-life (approximately one minute) whereas the effects of salbutamol last for several hours.
Aortic blood flow was measured with a precalibrated extractable electromagnetic blood flow probe (Carolina Medical Electronics, 900 Series). It was placed firmly around the aorta, 1 to 2 cm above the sinotubular junction, at the time of operation and maintained in position by a nylon snare. The end was brought out through the chest wall. Release of the snare and gentle traction enabled the probe to be removed (Williams et al., 1972 (Bourne and Williams, 1975) , recorded on tape (Philips, Analog 7 FM) and displayed on an oscilloscope. Heart rate, arterial and left atrial pressures, stroke volume, stroke work, and systemic vascular resistance were monitored continuously. Maximum rate of change of power and maximum acceleration of flow from the left ventricle during ejection were calculated by integration and differentiation of the pressure and flow signals (Stein and Sabbah, 1976) . Any delay between the pressure and flow signals was eliminated by superimposition of the initial rise of both variables.
Results are expressed as mean ± SEM and were compared using Student's paired t test.
Results
The haemodynamic consequences of an infusion of nitroprusside and of salbutamol are illustrated in the Figure. Nitroprusside has a rapid onset of action which quickly subsides after withdrawal of the drug. By contrast the effects of salbutamol appear more slowly and persist for many minutes after the infusion has ceased. The pooled results are shown in Tables 1 and 2. Salbutamol (Table 1) increased the cardiac index, but this was entirely attributable to a rise in heart rate and not to a change of stroke volume. Heart rate rose by a mean of 17 beats/minute. In 2 patients, neither of whom was the shortest or lightest in the group, the infusion of 15 jig/min was discontinued after 25 minutes when the heart rate rose above 135 beats/min. Systemic vascular resistance fell by 21 per cent and left atrial pressure by 40 per cent. Maximum acceleration of flow and maximum rate of change of power were both augmented.
Nitroprusside (Table 2 ) caused similar changes. The control values before the infusion of either drug were the same (Tables 1 and 2 ). Both drugs reduced the systemic vascular resistance and left atrial pressure, and neither increased the stroke index. However, there were important differences. The increase in heart rate with salbutamol (17 beats/min) was greater than with nitroprusside (6 beats/min) (P < 0 01). Maximum acceleration of flow rose with salbutamol but not with nitroprusside (P < 0 05). Salbutamol increased the maximum rate of change of power whereas nitroprusside had the reverse effect (P < 0 01).
Discussion
After heart operations the management of patients with cardiovascular disturbances such as low cardiac output, peripheral constriction, raised left A small increase of heart rate (HR) occurred. Salbutamol caused only a smallfall of LAP and BP. In this patient the heart rate increased so much that the infusion was discontinued after 20 minutes. (Chatterjee et al., 1973) , chronic heart failure (Guiha et al., 1974; Miller et al., 1975) , and mitral valve disease (Goodman et al., 1974; Bolen et al., 1975 (Goldstein et al., 1974) . These many effects tend to result in a favourable change in the balance of oxygen supply and demand, but because of the complexity of the interactions among these and other factors, new drugs should be evaluated in each clinical situation in which they might be used. Nitroprusside has been advocated for use after cardiac operations (Stinson et al., 1975) , and our study was designed to compare nitroprusside and salbutamol in this clinical situation. Salbutamol and nitroprusside both acted as vasodilators (Tables 1 and 2 ) and in the doses chosen the changes in systemic vascular resistance and in left atrial pressure were similar. However, salbutamol caused a substantially greater increase in heart rate, and stroke volume was unaltered by either drug. This effect might sometimes be beneficial but in general is detrimental since heart rate is an important determinant of oxygen consumption (Braunwald, 1971 ). This increase in heart rate with salbutamol occurs also in normal persons and in patients with respiratory failure (Warrell et al., 1970; Leitch et al., 1976) . Oxygen consumption of the myocardium is increased further by salbutamol because of the increase in maximum acceleration of flow (20%) and maximum rate of change of power (28%). Maximum acceleration was unaffected by nitroprusside and maximum rate of change of power diminished (25%). Since stroke volume was unaltered and preload and afterload equally affected by the two drugs, these differences might be explained if salbutamol increased contractility in association with the greater change of heart ratethe Bowditch effect (Bowditch, 1871) . Whatever the explanation, an increase in the maximum rate of change of power and heart rate are both expected to increase myocardial oxygen consumption. For these reasons and because the long duration of action of salbutamol does not allow precise control of the infusion, nitroprusside is the preferred drug. The equipment used in this study was 
